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SEDIMENT  TRANSPORT  IN  THE  TANANA  RIVER 
NEAR  FAIRBANKS,  ALASKA,  1977-79 


By  Robert  L.  Burrows,  William  W.  Emmett,  and  Bruce  Parks 


ABSTRACT 

Suspended-sediment-  and  bedload-transport  rates  for  the  Tanana  River  near 
Fairbanks,  Alaska,  can  be  related  to  water  discharge,  and  annual  sediment 
loads  can  be  computed  using  these  relations.  For  a  site  near  Fairbanks,  the 
average  annual  (1974-79)  load  is  24  million  metric  tons  of  suspended  sediment 
and  321,000  metric  tons  of  bedload.  Upstream,  near  North  Pole,  the  average 
annual  load  is  20.7  million  metric  tons  of  suspended  sediment  and  298,000 
metric  tons  of  bedload.  For  both  sites  bedload  is  usually  1  to  1.5  percent  of 
suspended-sediment  load. 

Particle-size  distribution  for  suspended  sediment  is  similar  at  Fairbanks  and 
North  Pole.  Median  particle  size  is  generally  in  the  silt  range,  but  at  some 
low-water  discharges,  it  is  in  the  very  fine  sand  range. 

Median  particle  size  of  bedload  near  North  Pole  is  generally  in  the  gravel 
range,  but  at  some  low  transport  rates,  it  is  in  the  medium  sand  range.  In 
1977  median  bedload  particle  size  was  comparable  at  the  two  sites,  but  in  1978 
the  median  size  was  markedly  smaller  at  Fairbanks.  In  1979  generally  coarser 
material  was  transported  at  both  sites,  but  the  difference  in  bedload  particle 
size  was  even  greater  between  the  sites.  At  both  locations  and  all  water  dis¬ 
charges  and  sediment-transport  rates,  suspended-load  particles  are  signifi¬ 
cantly  smaller  than  bedload  particles. 

At  North  Pole  in  1979,  median  bed-material  particle  size  was  in  the  coarse 
gravel  range;  at  Fairbanks  it  was  in  the  medium  gravel  range  in  the  main 
channel  but  in  the  fine  sand  range  in  the  overflow  part  of  the  channel. 

INTRODUCTION 

To  facilitate  design  and  operation  of  engineering  structures  on  the  Tanana 
River  and  to  regulate  gravel  extraction  from  the  river  near  Fairbanks,  the 
U.S.  Army  Corps  of  Engineers,  Alaska  District,  requested  that  the  U.S. 
Geological  Survey  collect  and  evaluate  sediment-transport  and  river-hydraul ic 
data  during  periods  of  principal  runoff,  beginning  in  1977.  Data-col lection 
sites  were  established  at  the  U.S.  Geological  Survey  gaging  station,  Tanana 
River  at  Fairbanks  (station  15485500),  and  at  an  unnumbered  miscellaneous 
site,  Tanana  River  near  North  Pole,  approximately  24  km  upstream  from  the 
Fairbanks  station  (fig.  1).  Streamflow  data  for  the  Fairbanks  station  are 
published  annually  in  the  U.S.  Geological  Survey's  "Water  Resources  Data  for 
Alaska." 

Previous  reports  by  Emmett,  Burrows,  and  Parks  (1978)  and  Burrows,  Parks,  and 
Emmett  (1979)  presented  results  of  data  collected  in  1977  and  1978  respec¬ 
tively.  The  present  report  includes  all  data  collected  through  1979;  it 
supersedes  the  earlier  reports.  Each  future  data  report  on  sediment  transport 


Figure  l.--Location  of  Tanana  River  and  data-collection  stations. 


in  the  Tanana  River  will  contain  data  for  only  one  year.  All  data  in  this 
report  are  presented  in  the  International  System  of  Units;  inch-pound  values 
previously  published  have  been  converted  to  metric  units  using  the  factors  in 
the  table  on  page  v.  Data  are  presented  in  tables  and  graphs  and  most  of  the 
text  is  devoted  to  explaining  them.  The  primary  purpose  of  this  report  is  to 
provide  the  Corps  of  Engineers  information  that  is  pertinent  to  their  design 
computations  and  regulation  of  gravel  extraction. 

The  study  program  is  funded  by  the  Corps  of  Engineers  through  a  cooperative 
agreement  with  the  U.S.  Geological  Survey.  All  fieldwork  and  compilation  of 
data  were  done  by  the  Geological  Survey.  Most  laboratory  analyses  of  particle 
size  and  suspended-sediment  concentrations  in  1977  were  done  by  the  Corps  of 
Engineers.  Laboratory  analyses  for  the  April  1977  samples  and  for  those 
collected  since  October  1977  were  made  by  the  Geological  Survey. 

INSTRUMENTATION  AND  DATA  COLLECTION 

Gage  heights  during  the  open-water  season  at  the  Fairbanks  station  were  docu¬ 
mented  by  a  continuous  trace  on  an  analog  recorder.  The  continuous  trace  was 
analyzed  to  determine  daily  mean  gage  heights  and  corresponding  daily  mean 
discharges.  During  the  winter-flow  period,  values  of  daily  mean  discharge 
were  estimated  using  periodic  discharge  measurements  and  climatological  data, 
and  by  correlation  with  data  available  from  the  gaging  station  Tanana  River  at 
Nenana. 

Measurements  of  depth  and  velocity  and  collection  of  sediment  were  done  from  a 
boat.  Stationing  on  the  cross  section  was  determined  using  sextant  readings 
on  a  base  line  while  the  boat's  position  was  maintained  by  visual  reference  to 
the  cross-section  end  markers. 

Bed-material  data  in  this  report  are  from  analyses  of  samples  collected  in 
September  1979.  Samples  were  obtained  at  increments  of  15  m  across  the  active 
channel  width  at  Fairbanks  and  North  Pole.  These  samples  represent  the  top 
10-20  cm  of  the  bed.  Samples  from  exposed  or  shallowly  covered  bars  were 
collected  using  a  shovel.  In  channels  with  flow,  samples  were  collected  with 
either  a  hand-held  (100-mm  diameter)  or  a  cable-suspended  pipe  dredge  (200-mm 
diameter)  while  wading  or  from  a  boat. 

A  P-61  or  a  D-49  suspended-sediment  sampler  (Guy  and  Norman,  1970)  was  used  to 
collect  depth-integrated  water  samples  for  analysis  of  concentration  and 
particle-size  distribution  of  the  suspended  sediment.  A  Helley-Smith  type 
bedload  sampler  with  a  76.2  mm  by  76.2  mm  orifice  (Helley  and  Smith,  1971;  was 
used  to  collect  bedload  samples  that  enabled  determination  of  bedload- 
transport  rate  and  particle-size  distribution  of  the  bedload.  The  Helley- 
Smith  bedload  sampler  has  not  been  adopted  by  the  U.S.  Geological  Survey  as 
standard  equipment;  therefore,  results  obtained  through  its  use  cannot  be 
certified  for  accuracy.  However,  the  Geological  Survey  has  described  pro¬ 
visional  methods  for  the  use  of  the  Helley-Smith  sampler  pending  further 
research  and  testing.  A  field  calibration  of  the  sediment-trapping  charac¬ 
teristics  of  the  Helley-Smith  bedload  sampler  (Emmett,  1980)  indicated  that  no 
correction  factor  need  be  applied  to  the  bedload  data  as  collected.  The 
sampler  has  been  used  with  apparent  success  in  other  rivers  that  have  bedload- 
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transport  rates  and  bedload  particle-size  characteristics  similar  to  those  of 
the  Tanana  River  (Emmett,  1976;  Emmett  and  Thomas,  1978). 


Host  of  the  bedload  samples  were  obtained  at  15-m  increments  across  the  part 
of  Stream  width  where  bedload  transport  occurs.  Generally,  this  resulted  in 
collection  of  18  to  20  samples  across  the  stream  width.  Sampling  duration  was 
30  seconds  at  each  location.  For  most  traverses  of  the  stream,  each 
individual  bedload  sample  was  given  equal  consideration  in  the  determination 
of  average  stream-wide  transport  rate.  When  duplicate  samples  were  obtained 
at  a  given  location,  these  sample  data  were  averaged,  and  the  average  value 
used  in  the  same  manner  as  individual  values.  Samples  collected  at  each  end 
of  the  traverses  were  given  the  same  consideration  as  other  individual 
samples,  regardless  of  the  incremental  width  of  channel  associated  with  the 
samples  collected  near  each  bank. 

SEDIMENT  TRANSPORT  AND  HYDRAULIC  DATA 

To  facilitate  application  of  the  sediment  data  in  this  report,  appropriate 
hydraulic  data  are  provided.  Data  for  streamflow,  hydraulic  and  channel 
geometry,  and  bed  material  allow  empirical  evaluation  and  interpretation  of 
the  sediment-transport  data. 

Streamflow  Data  and  Channel  Geometry 

Table  1  presents  a  summary  of  discharge  measurements  made  during  the  periods 
of  sediment  sampling  on  the  Tanana  River  at  Fairbanks.  Cross-section  data  for 
several  of  the  discharge  measurements  included  in  table  1  are  plotted  in 
figures  2-5.  Cross  sections  in  previous  reports  on  the  sites  were  depicted 
looking  upstream;  all  sections  are  now  shown  in  the  more  conventional  down¬ 
stream  view. 

During  the  period  spring  1977  to  fall  1979,  which  spanned  three  seasons  of 
runoff,  there  was  considerable  shifting  of  bed  material  from  the  sand  and 
gravel  bar  area  to  the  thalweg  (thread  of  maximum  depth)  and  vice  versa, 
sufficient  to  change  the  configuration  of  the  cross  section.  This  is 
illustrated  in  the  top  part  of  figure  5,  which  shows  the  change  in  channel 
shape  from  June  1977  to  October  1979.  In  June  1977  the  thalweg  was  near  the 
south  or  left  bank  (about  station  380  m),  but  by  October  1978,  deposition  in 
this  area  and  scour  in  the  sand  and  gravel  bar  area  had  combined  to  shift  the 
thalweg  about  120  m  toward  the  north  bank  (about  station  260  m).  This  trend 
continued  in  1979,  and  the  thalweg  in  October  1979  was  45  m  further  towards 

the  north  bank  (about  station  215  m).  The  bar  that  emerged  at  the  time  of  the 

October  1978  measurement  had  increased  in  exposed  width  at  a  similar  stage  in 

October  1979  by  about  35  m.  Most  of  the  bar  building  has  been  on  the  right 

side.  There  was  no  flow  in  the  small  left  channel  at  the  time  of  the  October 
1979  measurement. 

Much  of  this  lateral  shifting  occurs  during  high  water.  Indeed,  the  channel 
changes  shown  in  the  bottom  part  of  figure  5  occurred  during  the  1979  water 
discharge  peak  in  a  matter  of  6  days.  Significant  shaping  of  the  channel  also 
seems  to  occur  during  the  streamflow  recession.  That  is,  even  as  less  trans¬ 
port  of  bed  material  occurs  in  the  downstream  direction,  significant  lateral 
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Table  1. --Summary  of  discharge  measurements  made  during  period 
of  sediment  sampling,  Tanana  River  at  Fairbanks 


Date 

Gage 

height 

(m) 

Di scharge 

(m3/s) 

Flow 

area 

(m2) 

Surface 

width 

(m) 

Mean 

vel oci ty 
(m/s) 

Mean 

depth 

(m) 

6-07-77 

8.562 

750 

478 

264 

1.569 

1.811 

6-16-77 

8.925 

1 .140 

782 

323 

1.458 

2.421 

6-29-77 

9.174 

1 ,320 

1,010 

360 

1.307 

2.806 

7-06-77 

8.784 

1,170 

708 

326 

1.653 

2.172 

7-12-77 

8.818 

1 ,080 

652 

323 

1.656 

2.019 

7-20-77 

9.010 

1 ,270 

818 

360 

1.553 

2.272 

7-26-77 

9.022 

1,420 

844 

390 

1 .682 

2.164 

8-03-77 

9.315 

1,680 

929 

396 

1.809 

2.346 

8-11-77 

9.272 

1,460 

869 

372 

1.680 

2.336 

8-18-77 

9.193 

1,450 

843 

378 

1 .720 

2.230 

8-31-77 

8.824 

1 ,410 

772 

305 

1 .826 

2.531 

10-03-77 

8.205 

592 

380 

134 

1.558 

2.836 

5-18-78 

8.153 

566 

369 

145 

1 .534 

2.545 

5-30-78 

8.077 

521 

330 

116 

1.579 

2.845 

6-20-78 

8.431 

804 

494 

207 

1.628 

2.386 

7-10-78 

8.714 

983 

636 

317 

1.546 

2.006 

7-17-78 

9.360 

1 ,650 

1,010 

463 

1.634 

2.181 

7-31-78 

9.205 

1,460 

852 

402 

1.714 

2.119 

8-08-78 

9.327 

1 ,540 

975 

399 

1.579 

2.444 

8-14-78 

9.290 

1,640 

981 

415 

1.672 

2.364 

8-25-78 

8.973 

1,220 

754 

366 

1.618 

2.060 

9-07-78 

8.708 

966 

580 

277 

1.666 

2.094 

10-04-78 

7.974 

411 

294 

154 

1.398 

1 .909 

5-23-79 

8.050 

484 

381 

201 

1.270 

1.896 

6-18-79 

8.821 

1,000 

684 

375 

1.462 

1.824 

7-10-79 

9.220 

1 ,490 

875 

408 

1.703 

2.145 

7-24-79 

9.540 

1  ,950 

1 ,120 

454 

1.741 

2.467 

8-02-79 

9.668 

2,030 

1,240 

469 

1.637 

2.644 

8-08-79 

9.629 

1,880 

1,150 

466 

1.635 

2.468 

8-29-79 

9.272 

1,460 

857 

436 

1.704 

1.966 

9-06-79 

8.867 

912 

584 

326 

1.562 

1.791 

9-12-79 

8.763 

895 

543 

290 

1.648 

1.872 

10-02-79 

8.297 

487 

299 

143 

1.629 

2.091 

HEIGHT,  IN  METERS  GAGE  HEIGHT,  IN  METERS 


GAGE  HEIGHT,  IN  METERS  GAGE  HEIGHT,  IN  METERS 


STATIONING  FROM  RIGHT  BANK  REFERENCE,  IN  METERS 


Figure  5. -Cross  section  of  the  Tanana  River  at  Fairbanks. 


shifting  of  the  channel  is  still  taking  place.  This  is  best  illustrated  by 
comparing  the  cross  section  of  August  1978  (bottom  of  fig.  3)  to  the  cross 
section  of  October  1978  (top  of  fig.  3),  and  noting  the  striking  change  that 
took  place  in  less  than  two  months. 

Data  from  the  discharge  measurements  in  table  1  are  plotted  as  at-a-station 
values  of  hydraulic  and  channel  geometry  (Leopold  and  Maddock,  1953)  in 
figures  6,  7,  and  8.  Relations  of  gage  height  and  velocity  are  considered 
river  hydraulics,  and  those  of  area,  width,  and  depth  are  considered  channel 
geometry.  The  plotted  data,  in  concert  with  the  cross  sections  in  figures 
2-4,  show  that  at  river  stages  less  than  about  8.5  m  (approximately  700  m^/s), 
all  of  the  flow  is  confined  to  deeper  parts  of  the  channel;  above  a  stage  of 
about  8.5  m,  sand  and  gravel  bars  are  submerged,  and  the  surface  width  of  the 
river  increases  rapidly.  Because  mean  depth  is  a  computed  parameter  (flow 
area  divided  by  surface  width),  computed  mean  depth  decreases  with  the  rapid 
increase  in  surface  width.  This  may  imply  that  depth  decreases  with  increas¬ 
ing  discharge;  in  reality,  the  depth  of  the  main  body  of  water  increases  when 
discharge  increases.  Because  of  this  anomaly,  only  the  1977-79  data  in  table 
1  for  discharges  of  more  than  700  m^/s  were  used  to  determine  best-fit 
relations  to  the  plotted  data  (figs.  6,  7,  and  8).  The  technique  used  was  a 
log-transformed  least-squares  linear  regression.  The  resulting  relations  for 
gage  height,  width,  depth,  flow  area,  and  velocity  are  shown  with  each  graph. 

Sufficient  discharge  measurements  to  determine  at-a-station  relations  of 
hydraulic  and  channel  geometry  for  the  site  near  North  Pole  are  not  available. 

Water-surface  slopes  were  obtained  in  1973  and  1975  as  part  of  a  special  study 
by  the  U.S.  Geological  Survey  in  cooperation  with  the  l/.S.  Army  Corps  of 
Engineers.  For  the  Fairbanks  site,  the  relation  of  water-surface  slope 
indicates  increasing  values  of  slope  with  increasing  discharge.  The  relation 
is: 

S  =  2.21  X  10'^  Q  (r2  =  0.594) 

For  the  location  near  North  Pole,  water-surface  slope  decreases  with  increas¬ 
ing  discharge.  The  relation  is: 

S  =  2.29  X  10"^  Q  (r2  =  0.758) 

Shifts  have  occurred  in  the  gage  height,  velocity,  width,  and  depth  relations 
from  1977  to  1978  and  from  1978  to  1979.  Despite  considerable  instability  in 
the  cross-sectional  configuration  of  the  channel  and  the  shifting  of  the  gage 
height,  velocity,  depth,  and  width  relations,  the  flow  area-discharge  relation 
has  been  quite  consistent.  This  year-to-year  consistency  and  the  high  degree 
of  correlation  for  the  flow-area  relations  are  indicative  of  the  river's 
complex  adjustments  in  maintaining  a  consistent  relation  of  channel  size  to 
discharge. 

Values  of  daily  mean  discharge  for  the  Tanana  River  at  Fairbanks  are  presented 
in  tables  2-4  for  water  years  1977-79  respectively.  Because  a  continuous 
record  of  the  stage  is  not  obtained  for  the  site  near  North  Pole,  daily  mean 
discharges  are  not  determined  for  that  station.  However,  except  for  a  travel- 
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DISCHARGE,  IN  THOUSANDS  OF  CUBIC  METERS  PER  SECOND 
Figure  6.-At-a-station  relations  of  hydraulic  and  channel  geometry,  Tanana  River  at  Fairbanks,  1977. 
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Table  2.— Values  of  daily  mean  discharge  (mVs),  1977  water  yeari^, 

Tanana  River  at  Fairbanks 


OCT 

NOV 

OfC 

JAN 

rrp 

maR 

apr 

may 

JUN 

Jut 

AU6 

SEP 

36H 

357 

34f. 

340 

340 

170 

170 

170 

170 

142 

127 

127 

127 

1?7 

1?7 

127 

127 

127 

127 

127 

147 

147 

147 

1S3 

IS3 

176 

176 

176 

170 

170 

153 

153 

159 

159 

159 

396 

425 

453 

538 

668 

867 

867 

821 

773 

765 

1460 

1360 

136U 

1350 

1210 

isso 

1680 

1690 

1640 

1690 

1160 

1100 

1000 

937 

878 

33*. 

334 

331 

31? 

31? 

142 

14? 

14? 

142 

142 

127 

127 

127 

127 

1?7 

127 

127 

127 

127 

127 

159 

164 

164 

164 

164 

170 

164 

164 

164 

164 

164 

170 

176 

141 

ml 

736 

793 

821 

821 

801 

793 

773 

702 

674 

660 

1100 

1060 

103U 

1030 

1100 

1760 

1710 

1590 

1490 

1490 

875 

813 

810 

782 

719 

?^7 

?«3 

?*13 

2S5 

14? 

142 

142 

142 

14? 

127 

127 

127 

1?7 

1?7 

127 

127 

127 

127 

127 

164 

170 

iTft 

170 

170 

164 

16*. 

164 

159 

159 

147 

193 

198 

198 

198 

688 

479 

470 

476 

473 

680 

72^ 

881 

1100 

1100 

1150 

1150 

1220 

1280 

1330 

1510 

1470 

1470 

1470 

1530 

674 

708 

762 

765 

742 

?5S 

255 

?S5 

227 

227 

14? 

14? 

14? 

14? 

14? 

127 

127 

l?7 

127 

127 

127 

127 

127 

127 

127 

l7o 

170 

170 

176 

176 

159 

159 

159 

153 

153 

198 

2?7 

2?7 

227 

2^7 

490 

484 

476 

521 

694 

1130 

1160 

1180 

1230 

1?30 

1370 

1370 

1360 

1350 

1340 

1470 

1470 

1460 

1500 

1590 

736 

725 

714 

691 

680 

227 

227 

227 

14? 

14? 

127 

127 

127 

127 

1?7 

127 

127 

127 

127 

127 

127 

127 

127 

176 

176 

176 

176 

176 

153 

153 

153 

153 

153 

255 

255 

255 

283 

283 

702 

555 

490 

467 

445 

1150 

1170 

1310 

1390 

1420 

1300 

1290 

1330 

1370 

1390 

1610 

1530 

1560 

1590 

1530 

708 

708 

708 

680 

651 

19^ 

19« 

19a 

17n 

170 

170 

127 

127 

127 

127 

127 

127 

127 

127 

127 

127 

1?7 

127 

127 

127 

136 

136 

14? 

176 

176 

176 

153 

153 

153 

153 

153 

153 

2«3 

283 

31? 

3<.0 

3«.8 

44? 

470 

532 

572 

651 

736 

1420 

1440 

1430 

1410 

1530 

1370 

1350 

1390 

1420 

1410 

1430 

1470 

1390 

1300 

1250 

1150 

1150 

657 

660 

666 

668 

702 

i/k((rt.r  flow  «rtoO.  Hovanter  through  /Vprt).  esttiMteO  based  on  periodic  discharge  measurements,  climatological 
records,  and  correlation  ulth  data  obtained  for  Tanana  Rive  at  Nenana. 

Table  3.— Values  of  daily  mean  discharge  (m^/s),  1978  water  year-/, 

Tanana  River  at  Fairbanks 


i/M1nter  flow  period.  November  through  April,  estimated  based  on  periodic  discharge  measurements,  climatological 
records,  and  correlstion  with  data  obtained  for  Tanana  River  at  Menena. 


Table  4.— Values  of  daily  mean  discharge  (m^/s),  1979  water  year—', 

Tanana  River  at  Fairbanks 


hav 

OCT 

NOV 

oec 

JaN 

ffw 

MaU 

APR 

may 

JUN 

JUL 

AUG 

SEP 

1 

4ST 

187 

142 

1  30 

125 

I  30 

no 

1640 

821 

1090 

2020 

1250 

2 

4SO 

187 

142 

130 

125 

130 

no 

1470 

821 

1090 

2060 

1200 

3 

42S 

Ifll 

142 

130 

125 

130 

no 

1330 

821 

1110 

2100 

1140 

4 

<*1  1 

17S 

142 

130 

125 

130 

no 

1440 

855 

1120 

2120 

1090 

5 

39(> 

170 

142 

130 

125 

130 

no 

1560 

867 

1200 

2090 

1020 

6 

39*, 

170 

142 

130 

125 

130 

136 

1440 

895 

1310 

2040 

988 

7 

3  74 

170 

142 

130 

125 

130 

136 

1270 

923 

1350 

2010 

966 

e 

3S4 

144 

142 

130 

125 

130 

136 

1150 

952 

1380 

2010 

960 

9 

34  f, 

164 

142 

130 

125 

130 

136 

1040 

994 

1420 

1950 

946 

10 

334 

164 

142 

130 

125 

130 

136 

923 

1040 

1400 

1880 

929 

n 

314 

IS9 

142 

130 

125 

130 

14? 

833 

1080 

1420 

1840 

906 

1? 

297 

1S9 

142 

130 

125 

130 

142 

776 

1  no 

1460 

1830 

889 

1  3 

283 

159 

142 

12S 

125 

130 

147 

731 

1180 

1480 

1800 

869 

i<* 

278 

1S9 

142 

125 

125 

1  30 

147 

697 

1270 

1500 

1800 

650 

IS 

2  78 

159 

142 

125 

125 

130 

153 

651 

1300 

1530 

1780 

833 

IS 

2S4 

153 

I  36 

125 

125 

130 

159 

583 

1180 

1650 

1780 

818 

\y 

2Sl 

IS3 

136 

125 

125 

130 

159 

564 

1060 

1  770 

1770 

807 

i« 

2SS 

153 

1  36 

125 

125 

130 

164 

555 

937 

1810 

1750 

796 

249 

153 

136 

125 

125 

130 

176 

527 

929 

1770 

1680 

787 

?0 

249 

153 

116 

125 

125 

130 

187 

515 

929 

1800 

1630 

773 

?\ 

244 

147 

136 

125 

125 

130 

19B 

507 

960 

1800 

1640 

762 

22 

238 

147 

136 

125 

125 

130 

215 

498 

991 

1800 

1600 

750 

>3 

238 

147 

136 

125 

125 

130 

218 

490 

1060 

1860 

1490 

745 

?4 

232 

147 

136 

125 

125 

130 

255 

498 

1090 

1900 

1440 

708 

?S 

232 

147 

136 

125 

125 

130 

243 

515 

1120 

1910 

1430 

691 

227 

147 

136 

125 

125 

130 

312 

535 

1120 

1930 

1450 

640 

?7 

221 

147 

136 

125 

125 

130 

368 

572 

1120 

1990 

1470 

606 

?B 

210 

147 

136 

125 

125 

130 

510 

617 

1090 

1950 

1470 

572 

?9 

204 

147 

136 

125 

130 

680 

651 

1090 

2020 

1460 

547 

30 

|9A 

147 

136 

125 

no 

1050 

697 

1090 

2020 

1400 

527 

31 

1*31 

... 

136 

125 

130 

753 

2010 

1320 

flow  period,  November  through  April,  estimated  based  on  periodic  discharge  measurements,  climatological 
records,  and  correlation  with  data  obtained  for  Tanana  River  at  Nenana. 


time  difference  of  less  than  a  day,  values  of  daily  mean  discharge  are 
approximately  applicable  for  either  site. 

Bed-Material  Data 


Particle-size  distributions  for  bed-material  samples  at  Fairbanks  and  near 
North  Pole  are  given  in  tables  5-7. 

Graphic  representation  of  percentages  by  weight  of  four  size  classes  (silt, 
sand,  gravel,  and  cobble)  of  each  sample  across  the  channel  is  given  in 
figures  9-11.  Cross  sections  shown  in  the  bottom  part  of  these  figures  are 
those  measured  August  29,  1979,  at  Fairbanks  and  August  30,  1979,  for  the  two 
channels  near  North  Pole.  These  sections  were  chosen  to  represent  as  well  as 
possible  the  greatest  part  of  the  channel  sampled.  (No  data  exist  for  the 
geometry  of  exposed  bars  as  bed  elevations  are  determined  from  measured  water 
depths. ) 

A  marked  difference  in  dominant  particle  size  exists  between  the  right  and 
left  parts  of  the  channel  at  Fairbanks  (fig.  9).  From  station  15  m  to  station 
200  m  the  bed  material  is  mostly  silt  and  sand;  from  station  200  m  to  390  m 
the  bed  material  is  predominantly  gravel  with  some  sand.  At  the  North  Pole 
site  (figs.  10  and  11)  the  bed  material  in  both  channels  is  predominantly 
gravel  with  some  sand  and  lesser  amounts  of  silt  and  cobbles.  The  smaller 
particles  are  generally  dominant  on  the  bars,  the  larger  particles  dominant  in 
the  active  channel. 


15 


voroir>rocMOOcsjO 


O'  O'  O'  O'  CO 

I  t  lOO'O'O'COC'Jt-H 
I  I  I00'0'0*00i-H 

I  I  »  f* 


I  I  I  «  O  O'  ^  < 

I  I  I  I  O  O'  O'  ^  • 

I  I  I  I  *-• 


I  I  I  I  O  O'  00  o  o 

I  I  I  I  O  O'  oo 

I  I  »  I 


•  I  I  I  O  O'  O'  O' 
I  I  I  I  O  O'  O'  00 
lilt*-* 


I  I  I  I  O  O'  O' 

I  I  I  I  O  O'  00  iA  CO 

I  I  I  I 


I  I  O  O'  VO  O'  iA 
I  I  O  O'  00 
I  I  ^ 


rO'OvO«-*O'^**f^00co 

I  or*^cvi^^OOcocg^ 

I  oo'O'O'O'O'O'Oo^r*-* 


'oro^*-«00'cv»^ 


fVl<M^N.sOO'0'^^'^OPO 


I  I  I  I  I  I  lOO'unO'^ 

I  I  I  I  I  I  |00'0''0^ 

I  I  I  I  I  I  I  ^ 


I  I  I  I  I  IO0'0'0''0<M 

I  I  I  I  I  lOO'O'O'O'f^ 

f  t  I  I  t  I  ^ 


O'  O'  O'  ^  00 


^go'lA^AoocofOfn 


I  lOC'^COo'O'O'OOCO'OO' 
I  lOCO'OLAiAlAiAiAC'J 

I  I  ^ 


I  iOlAO'CM'D'A^O'CnjO 

I  I  o  00  ^  CSJ  >-«  ^  ■-* 

I  I 


C0O'»-«O'«“*O'CO^  • 


I  lO^COC'J'O'O^OO*' 
I  I  o  O'  tA  CVJ 

I  I 


esjco*-iiAO'<MiACNjro 


CM'OCQCO^O'vOfACSJ 


o%^i-«*p«..roo'r^'-*cocM 


^pooco^cofo*-^ 


lA  CSi 

vA  csi  'O 
o  4A  (n;  ^  o 


^  O'  CO  CO  CNJ 


lA  CM 
lA  CM  iiO 
O  lA  CM  ^  O 


Table  6.— Particle-size  distribution  of  bed  material,  north  channel,  Tanana  River 

near  North  Pole,  September  13,  1979 

[Percentage,  by  weight,  finer  than  particle  size  indicated] 
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Table  7. — Particle-size  distribution  of  bed  material,  south  channel,  Tanana 
River  near  North  Pole,  September  13,  1979 
[Percentage,  by  weight,  finer  than  particle  size  indicated] 


Stationing, 

from  right  bank 

reference. 

in  meters 

Particle 

size 

(”*<') 

15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

128 

««« 

«  as 

... 

100 

100 

100 

100 

64 

100 

100 

100 

100 

100 

75.4 

64.7 

61.0 

75.6 

100 

32 

98.1 

45.6 

51.5 

60 

86.7 

28.9 

10.2 

24.3 

15.2 

37.2 

16 

81.8 

11.2 

29.4 

23.5 

67 

6.1 

2.6 

16.3 

3.3 

5.8 

8 

55 

6.8 

18.5 

8.8 

21 

3.1 

1.6 

10.6 

1.3 

1.7 

4 

34.3 

6.1 

1.6 

4.4 

4.9 

1.8 

1.1 

6.9 

0.9 

0.7 

2 

24.2 

5.8 

9.2 

3.0 

4.8 

1.2 

0.9 

5.1 

0.8 

0.5 

1 

21.8 

5.6 

8.5 

2.7 

4.8 

1.0 

0.9 

4.6 

0.7 

0.5 

0.5 

19.2 

5.2 

7.9 

2.6 

4.7 

0.8 

0.8 

4.2 

0.6 

0.4 

0.25 

9.2 

3.5 

4.5 

1.7 

3.0 

0.4 

0.2 

1.4 

0.4 

0.2 

0.125 

2.2 

0.7 

0.4 

0.2 

0.3 

0 

0 

0. 

0.1 

0 

0.062 

0.6 

0.2 

0 

0 

0 

— 

— 

0 

— 

Composite  size  distributions  of  bed  material  and  the  associated  statistics  are 
shown  in  table  8.  The  composites  were  derived  by  averaging  the  percentage,  by 
weight,  retained  on  each  size  sieve  for  all  samples.  Three  distributions  are 
given  for  each  site.  At  Fairbanks,  90  percent  of  the  total  flow  occurs 
between  stations  180  m  and  410  m,  and  most  of  the  bedload  transport  occurs  in 
this  part  of  the  channel.  Composite  particle-size  distributions  of  bed 
material  samples  for  this  part  of  the  channel,  for  the  remainder  or  overflow 
part  of  the  channel,  and  for  the  entire  channel  are  shown  in  the  top  of  figure 
12.  Particle-size  distributions  for  North  Pole  are,  correspondingly,  north 
channel,  south  channel,  and  the  composite  of  the  channels.  These  are 
illustrated  in  the  bottom  of  figure  12.  Statistics  for  these  distributions 
(table  8)  show  that  median  particle  sizes  of  the  two  channels  near  North  Pole 
are  in  the  gravel  range.  At  Fairbanks,  median  particle  size  in  the  overflow 
part  of  the  channel  is  in  the  medium  sand  range  and,  in  the  main  channel,  in 
the  gravel  range.  The  bimodal  size  distribution  of  the  bed  material  is  as 
expected  from  the  size  distribution  of  previously  collected  bedload  samples 
(Burrows,  Parks,  and  Emmett,  1979). 

Sediment-Transport  Data 

Tables  9  and  10,  for  the  sites  at  Fairbanks  and  near  North  Pole  respectively, 
list  values  of  instantaneous  water  discharge,  suspended-sediment  concentration 
and  transport  rate,  and  median  particle  size  of  suspended  sediment.  The 
suspended-sediment  transport  rate  G^,  in  metric  tons  per  day,  is  computed  as: 

Gj  =  0.0864  X  concentration  (mg/L)  x  water  discharge  (m^/s). 
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Figure  10.  -  Cross-channel  particle-size  distribution  of  bed  material,  Tanana  River,  north  channel,  near  North  Pole, 
September  13, 1979. 


PERCENTAGE,  BY  WEIGHT.  FINER  THAN  INDICATED  SIZE  PERCENTAGE,  BY  WEIGHT,  FINER  THAN  INDICATED  SIZE 


Table  8.— Composite  particle-size  distribution  and  statistics  of  bed  material, 
Tanana  "iver 

[Percentage,  by  weight,  finer  than  indicated  sieve  size] 


Particle 

size 

(mm) 

Fairbanks 

North  Pole 

Main 

channel 

Overflow 

channel 

Composite 

of 

channel 

North 

channel 

South 

channel 

Combined 
channel  s 

128 

««« 

100 

100 

100 

64 

100 

100 

100 

95.8 

87.7 

93.7 

32 

91.6 

99.7 

95 

72.3 

45.8 

65.4 

16 

74.6 

98.3 

84.6 

53.4 

24.7 

46.0 

8 

50.9 

94.5 

69.4 

39.5 

12.8 

32.6 

4 

40.2 

92.6 

62.4 

34.7 

7.2 

27.6 

2 

37.6 

91.8 

60.5 

33.6 

5.5 

26.4 

1.0 

36.9 

91.6 

60.0 

33.3 

5.1 

26.0 

.5 

36.0 

91.4 

59.4 

32.5 

4.6 

25.3 

.25 

26.8 

85.3 

51.5 

25.3 

2.4 

19.4 

.125 

5.8 

53.2 

25.8 

13.5 

0.3 

10.1 

.062 

1.6 

31.3 

14.1 

6.5 

0 

4.8 

Percent- 

finer 

parameter 

Particle  size  statistics 

[Particle  diameter  (mm)  at  given  percent-finer  parameter] 

<^5 

0.11 

— 

— 

1.0 

0.062 

‘‘lO 

.20 

— 

0.072 

0.15 

10 

.20 

<^35 

.42 

0.072 

.16 

4.5 

24 

9.4 

‘^50 

7.6 

.12 

.23 

14 

34 

19 

^^65 

12 

.16 

5.8 

26 

46 

31 

CO 

22 

.24 

15 

40 

58 

47 

'^90 

30 

.35 

22 

47 

70 

55 

*^95 

40 

7.4 

32 

60 

85 

68 

Table  10. --Summary  of  suspended-sediment  data,  Tanana  River 

near  North  Pole 

(Mg  =  metric  tons  or  megagrams) 


Suspended  sediment 


Discharge 

(mVs) 

Concentration 

(mg/L) 

Transport 

rate 

(Mg/d)  . 

Median 

particle 

size 

(mm) 

8-04-77 

1 ,670 

3,100 

447,000 

0.023 

8-19-77 

1 ,670 

1,730 

250,000 

.045 

5-31-78 

527 

594 

27,000 

.080 

6-21-78 

722 

860 

53,600 

.060 

7-11-78 

1,070 

2,820 

261 ,000 

.020 

7-18-78 

1,530 

2,980 

394,000 

.029 

8-01-78 

1,550 

2,640 

354,000 

.018 

8-09-78 

1,560 

2,850 

384,000 

.023 

8-15-78 

1,520 

2,110 

277,000 

.019 

9-08-78 

909 

685 

53,800 

.02 

10-05-78 

408 

160 

5,640 

.16 

6-19-79 

929 

817 

65,600 

.076 

7-13-79 

1,490 

2,060 

265,000 

.018 

7-23-79 

1,960 

3,450 

584,000 

.024 

7-31-79 

2,010 

2,690 

467,000 

.019 

8-09-79 

1,930 

2,380 

397,000 

.032 

8-30-79 

1,410 

1,550 

189,000 

.015 

9-07-79 

969 

596 

49,900 

.070 

9-13-79 

869 

556 

41 ,800 

.13 

10-03-79 

496 

319 

13,700 

.14 

Tables  11-13,  for  the  sites  at  Fairbanks,  the  separate  channels  near  North 
Pole,  and  the  combined  channels  near  North  Pole,  respectively,  list  values  of 
river  hydraulics  and  bedload-transport  rate.  The  total  bedload-transport 
rate,  in  metric  tons  per  day,  was  computed  by  applying  the  measured  unit 
transport  rate  over  the  width  of  the  channel.  Widths  shown  are  those  measured 
in  the  field.  Previous  reports  used  an  effective-width  concept  to  compute 
total  bedload-transport  rate.  Rates  thus  computed  may  differ  from  those  shown 
here,  but  the  basic  data  remain  the  same.  Slope  data  are  computed  values  from 
the  previously  described  relations  of  slope  to  water  discharge. 


figures 

13-16.  The  data 

transformed  least-squares 

given  below. 

FAIRBANKS 

1977 

G.  =  3.628  X  10“^ 
^  (r2  =  0.991) 

1978 

G<,  =  4.757  X  10’^ 
^  (r2  =  0.970) 

1979 

G.  =  1 .673  X  10'^ 

^  (r2  =  0.958) 

1977-79 

G.  =  1.235  X  10'^ 

^  (r2  =  0.963) 

FAIRBANKS 

1977 

Gr  =  1  .268  X  10'^ 
°  (r2  =  0.556) 

1978 

Gr  =  2.155  X  10“^ 
(r2  =  0.862) 

1979 

Gr  =  2.308  Q 
“  (r2  =  0.819) 

1977-79 

Gr  =  4.537  X  10"^ 
“  (r2  =  0.715) 

are  from  tables  9,  10,  11,  and  13.  The  log- 


SUSPENDEO  SEDIMENT 
(metric  tons/day) 


2.831 


2.469 


2.564 


2.643 


BEDLOAD 

(metric  tons/day) 


1.710 


1.952 


.524 


NORTH  POLE 


=  3.187 

X  10"^ 

(r2  = 

0.938) 

=  5.432 

X  10’^ 

(r2  = 

0.978) 

=  1.013 

X  10"^ 

(r2  = 

0.929) 

2.848 


2.713 


2.650 


NORTH  POLE 


=  2.875 

X  10"^ 

(r2  = 

0.848) 

=  7.025 

X  10"^ 

(r2  = 

0.835) 

=  6.604 

X  10"^ 

(r2  = 

0.840) 

1.921 


1.774 


1.789 


Only  two  measurements  of  sediment  transport  were  made  near  North  Pole  in  1977, 
both  at  a  fairly  high  water  discharge.  These  data  are  plotted  on  figure  13, 
but  the  data  are  too  few  to  define  a  meaningful  relation.  Differences  in 
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Table  11. --Summary  of  bedload  data,  Tanana  River  at  Fairbanks 
(fig  =  metric  tons  or  megagrams) 


Bedload-transport  rate  Median 

particle 


Date 

Discharge 

(m3/s) 

Slope 

(m/m) 

Width 

(.m) 

Unit 

[(kq/m)/s] 

Total 

(Mq/d) 

size 

(mm) 

6-07-77 

750 

0.00047 

264 

0.03869 

883 

9.0 

6-29-77 

1,320 

.00050 

360 

.24820 

7,720 

10 

7-06-77 

1,170 

.00050 

326 

.06562 

1,850 

20 

7-12-77 

1,080 

.00049 

323 

.09330 

2,600 

1,8 

7-20-77 

1,270 

.00050 

360 

.04524 

1,410 

16 

8-03-77 

1,680 

.00052 

396 

.15951 

5,460 

15 

8-11-77 

1,460 

.00041 

372 

.12410 

3,990 

20 

8-18-77 

1,450 

.00051 

378 

.06934 

2,260 

0,44 

8-31-77 

1,410 

.00051 

305 

.06309 

1 ,660 

.30 

10-03-77 

592 

.00046 

134 

.06770 

784 

.30 

5-18-78 

566 

.00046 

145 

.02902 

364 

.21 

5-30-78 

521 

,00045 

116 

.03482 

349 

.21 

6-20-78 

804 

.00048 

207 

.08348 

1,490 

.25 

7-10-78 

983 

.00049 

317 

.02738 

750 

.19 

7-17-78 

1,650 

.00052 

463 

.16100 

6,440 

.28 

7-31-78 

1,460 

.00051 

402 

.07113 

2,470 

.26 

8-08-78 

1,540 

.00051 

399 

.07529 

2,600 

.26 

8-14-78 

1,640 

.00052 

415 

.15073 

5,400 

.40 

8-25-78 

1 ,220 

,00050 

366 

.07276 

2,300 

.29 

9-07-78 

966 

.00049 

277 

.07782 

1,860 

.29 

10-04-78 

411 

.00044 

154 

.03125 

416 

.32 

5-23-79 

484 

.00045 

201 

.03880 

674 

.26 

6-18-79 

1,000 

.00049 

375 

.08946 

2,900 

.27 

7-10-79 

1,490 

.00051 

408 

.08586 

3,030 

.33 

7-24-79 

1,950 

.00053 

454 

.08550 

3,350 

4.8 

8-01-79 

2,020 

.00051 

469 

.08719 

3,530 

.4 

8-08-79 

1,880 

.00053 

466 

.10576 

4,260 

6.2 

8-29-79 

1,460 

.00053 

436 

.07594 

2,860 

.33 

9-06-79 

912 

.00048 

326 

.05116 

1 ,440 

.39 

9-12-79 

895 

.00048 

290 

.06039 

1,510 

.30 

10-02-79 

487 

.00045 

143 

.11404 

1,410 

.26 

Table  12. --Summary  of  bedload  data,  north  and  south  channels  of  Tanana  River  near  North  Pole 

(Mg  =  metric  tons  or  megagrams) 
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Table  13. --Summary  of  bedload  data,  composite  channels  of  Tanana  River 

near  North  Pole 

(Mg  =  metric  tons  or  megagrams) 


Date 

Discharge 

(mVs) 

Slope 

(m/m) 

Width 

(m) 

Bedload-transport  rate 

Unit  Total 

I(kg/m)/s] _ (Mg/d) _ 

Median 

particle 

size 

(mm) 

8-04-77 

1 ,670 

0.00109 

431 

0.10258 

3,820 

13.0 

8-19-77 

1,670 

.00109 

418 

.07974 

2,880 

9.6 

5-31-78 

527 

.00122 

273 

.04057 

957 

0.26 

6-21-78 

722 

.00118 

303 

.01776 

465 

.22 

7-11-78 

1 ,070 

.00114 

463 

.08074 

3,230 

8.4 

7-18-78 

1,530 

.00110 

634 

.05897 

3,230 

.34 

8-01-78 

1,550 

.00109 

655 

.06997 

3,960 

13 

8-09-78 

1,560 

.001 09 

664 

.07356 

4,220 

1.6 

8-15-78 

1,520 

.00110 

654 

.06920 

3,910 

.33 

9-08-78 

909 

.00115 

402 

.02701 

938 

.35 

10-05-78 

408 

.00125 

333 

.00876 

252 

.27 

6-19-79 

929 

.00113 

446 

.03893 

1,500 

.33 

7-13-79 

1,490 

.00108 

421 

.18722 

6,810 

11 

7-23-79 

1 ,960 

.00105 

543 

.12235 

5,740 

11 

7-31-79 

2,010 

.00104 

402 

.10192 

3,540 

10 

8-09-79 

1,930 

.00105 

436 

.10273 

3,870 

17 

8-30-79 

1,410 

.00108 

489 

.05870 

2,480 

.58 

9-07-79 

969 

.00112 

348 

.03658 

1,100 

.41 

9-13-79 

869 

.00114 

298 

.03072 

791 

.32 

10-03-79 

496 

.00120 

274 

.02002 

474 

.27 
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SEDIMENT-TRANSPORT  RATE,  IN  THOUSANDS  OF  METRIC 


DISCHARGE,  IN  THOUSANDS  OF  CUBIC  METERS  PER  SECOND 


Figure  14.--Sediment-tran8port  rate  as  a  function  of  discharge,  Tanana  River 
at  Fairbanks  and  near  North  Pole,  1978. 


SEDIMENT-TRANSPORT  RATE,  IN  THOUSANDS  OF  METRIC 


transport  functions  from  year  to  year  and  between  the  two  stations  are  notice¬ 
able;  the  effect  of  these  differences  on  annual  loads  will  be  shown  later. 
The  relations  derived  from  all  the  data  for  each  site  (fig.  16)  show  that  more 
suspended  sediment  is  in  transport  at  Fairbanks  than  near  North  Pole  over  the 
whole  range  of  discharge.  Bedload-transport  relations  in  figure  16  indicate 
more  transport  at  Fairbanks  than  at  North  Pole  at  low  discharges  and  less  than 
North  Pole  at  high  discharges. 

Bedload-transport  rate  is  two  orders  of  magnitude  less  than  that  of  the  sus¬ 
pended  sediment.  There  is  considerable  consistency  to  the  measured  data;  in 
figure  16,  four-fifths  of  the  bedload-transport  data  fall  in  the  range  of  0.6 
to  3.0  percent  of  the  corresponding  suspended-sediment  transport  rate. 

Particle-Size  Data  for  Suspended-Sediment  and  Bedload 

Tables  14  and  15,  for  the  sites  at  Fairbanks  and  North  Pole,  respectively, 
present  the  size  distribution  data  for  suspended  sediment.  Size  determination 
was  made  by  sieve  analysis  for  particles  larger  than  silt  (<0.062  mm),  and  by 
pipet  analysis  for  particles  of  silt  size  and  smaller.  All  data  are  expressed 
in  percentage,  by  weight,  finer  than  indicated  particle  size.  Values  of 
median  particle  size  were  determined  graphically  and  are  included  as  part  of 
the  suspended-sediment  data  in  tables  9  and  10. 

Regression  of  median  particle  size  as  a  function  of  water  discharge  for  all 
data  yields : 

dgQ  (mm)  =  2.089  x  10"^  Q  (r^  =  0.532) 

Median  particle  size  is,  therefore,  generally  in  the  silt  range  (<0.062  ran, 
>0.004  mm),  and  only  at  discharges  less  than  about  850  m^/s  is  median  particle 
size  within  the  very  fine  sand  range  (>0.062  mm,  <0.125  mm).  The  reasonably 
defined  relation  of  median  particle  size  of  suspended  sediment  decreasing  as 
discharge  increases  suggests  a  watershed  source  of  sediment  during  snowmelt 
runoff  and  within-channel  source  of  sediment  during  lower  runoff  periods. 

Tables  16-18,  for  the  sites  at  Fairbanks,  the  separate  channels  near  North 
Pole,  and  the  combined  channels  near  North  Pole,  respectively,  present 
particle-size  distribution  data  for  bedload  as  determined  by  dry-sieve 
analysis.  Statistics  of  the  particle-size  determinations  are  presented  in 
tables  19-21.  This  latter  compilation  of  data  is  especially  useful  in 
visualization  of  bedload-particle  sizes  as  functions  of  discharge  or  bedload- 
transport  rate.  The  median  particle  size,  from  this  compilation  is 

included  in  tables  11-13  as  part  of  the  bedload  data.  For  either  location, 
the  median  particle  size  of  bedload  was  sometimes  in  the  gravel  range  (>2.0 
mm,  <64  mm),  but  at  other  times  in  the  medium  sand  range.  This  abrupt  change 
in  median  particle  size  has  been  observed  previously  (Emmett,  1976)  and  is 
apparently  related  to  the  availability  and  mobility  of  particles  composing  the 
bed  material . 

The  transport-rate  weighted,  yearly  composite  size  distributions  are  presented 
in  table  22  and  illustrated  in  figures  17  and  18.  These  size  distributions 
are  obtained  by  using  the  actual  weights  of  samples  collected  at  nearly 
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Table  14. -Particle-size  distribution  of  suspended  sediment,  Tanana  River  at  Fairbanks 


Table  15. -Particle-size  distribution  of  suspended  sediment,  Tanana  River  near  North  Pole 

[Percentage,  by  Melght,  finer  than  particle  size  Indicated] 


Particle 


size 

(iim) 

8-04-77 

8-19-77 

5-31-78 

6-21-78 

7-11-78 

7-18-78 

8-01-78 

8-09-78 

8-15-78 

9-08-78 

1.0 

.50 

100 

100 

100 

100 

100 

100 

100 

100 

... 

100 

.25 

99 

99 

92 

96 

99 

98 

98 

99 

100 

98 

.125 

90 

89 

62 

67 

88 

84 

91 

89 

90 

78 

.062 

70 

72 

44 

51 

73 

67 

77 

72 

75 

66 

.031 

56 

39 

33 

44 

59 

51 

61 

56 

61 

56 

.016 

43 

36 

24 

37 

45 

39 

48 

43 

47 

46 

.008 

29 

32 

16 

31 

32 

27 

32 

32 

35 

35 

.002 

11 

12 

7 

19 

17 

18 

17 

17 

19 

20 

Particle 

size  10-05-78  6-19-79  7-13-79  7-23-79  7-31-79  8-09-79  8-30-79  9-07-79  9-13-79  10-03-79 


Table  16.— Particle-size  distribution  of  bedload  sediment,  Tanana  River  at  Fairbanks 

[Percentage,  by  weight,  finer  than  particle  size  indicated] 


Particle 

site 

(me) 

6-07-77 

6-29-77 

7-06-77 

7-12-77 

7-20-77 

8-03-77 

8-11-77 

8-18-77 

8-31-77 

10-03-77 

128 

100.0 

100.0 

100.0 

... 

... 

... 

64 

100.0 

100.0 

98.0 

100.0 

99.0 

100.0 

95.8 

100.0 

100.0 

... 

32 

99.0 

95.4 

84.0 

94.0 

69.8 

82.5 

81.5 

98.0 

99.0 

— 

16 

76.5 

74.0 

45.0 

73.5 

50.0 

55.0 

48.0 

88.0 

81.0 

8 

47.0 

41.5 

35.0 

59.5 

35.0 

32.0 

41.4 

70.5 

71.0 

100.0 

4 

36.0 

26.8 

31.2 

51.5 

28.7 

26.5 

35.3 

62.5 

67.8 

99.8 

2 

35.4 

25.6 

30.0 

50.3 

27.7 

25.3 

34.5 

61.4 

67.2 

99.6 

1.0 

35.1 

25.4 

39.5 

49.0 

26.5 

25.2 

34.0 

61.0 

67.0 

99.5 

.5 

34.8 

25.0 

21.5 

47.5 

25.0 

25.1 

33.2 

54.0 

66.2 

97.0 

.25 

15.9 

12.5 

5.0 

21.0 

10.0 

8.0 

15.0 

30.0 

33.0 

33.0 

.125 

3.0 

1.5 

.4 

2.0 

1.5 

1.0 

2.5 

2.0 

1.5 

8.0 

.062 

.5 

.7 

.1 

.5 

.5 

.4 

1.2 

.9 

.7 

.3 

Particle 

size 

5-18-78 

5-30-78 

6-20-78 

7-10-78  7- 

-17-78  7.3]-7fi 

t  8-08-78 

8-14-78 

8-25-78 

9-07-78 

10-04-78 

(im) _ 

128 

64 

... 

_ _ 

_ 

100.0 

100.0  100.0 

— 

100.0 

100.0 

... 

100.0 

32 

100.0 

100.0 

— 

93.4 

98.9  98.4 

100.0 

80.2 

98.3 

100.0 

71.3 

16 

99.1 

93.0 

100.0 

93.4 

92.1  95.4 

91.4 

67.6 

92.9 

94.4 

63.6 

8 

95.5 

90.2 

90.4 

90.9 

88.2  89.2 

84.8 

60.4 

88.8 

88.7 

60.7 

4 

92.4 

89.6 

80.4 

89.6 

85.5  86.0 

81 .5 

54.9 

86.8 

86.1 

58.8 

2 

91.7 

89.4 

79.0 

89.2 

84.4  85.2 

80.5 

53.8 

86.4 

85.5 

57.8 

1.0 

91.6 

89.2 

78.8 

89.0 

83.9  84.9 

79.8 

53.4 

86.2 

85.2 

57.4 

.5 

91.4 

88.9 

78.4 

88.5 

82.4  84.1 

77.4 

52.7 

85.1 

84.3 

57.0 

.25 

72.3 

72.4 

48.0 

74.4 

32.0  37.0 

44.7 

26.3 

30.4 

31.6 

39.2 

.125 

8.6 

8.6 

7.4 

18.7 

7.3  3.8 

7.8 

4.0 

3.0 

2.9 

1.7 

.062 

1.3 

1.7 

1.7 

5.0 

1.7  1.1 

2.3 

1.2 

.5 

.4 

.2 

Particle 

site 

5-23-79 

6-18-79 

7-10-79 

7-24-79 

8-01-79 

8-08-79 

8-29-79 

9-06-79 

9-12-79 

10-02-79 

_tO!0 _ 

128 

64 

... 

... 

100.0 

100.0 

... 

100.0 

... 

... 

... 

... 

32 

100.0 

100.0 

96.1 

96.0 

100.0 

99.1 

100.0 

100.0 

100.0 

100.0 

16 

96.2 

99.6 

89.2 

83.6 

81.7 

81.1 

86.4 

85.7 

97.0 

95.4 

8 

88.0 

98.3 

84.2 

58.7 

67.8 

57.6 

73.4 

65.4 

92.4 

82.8 

4 

84.4 

97.6 

81.0 

48.8 

62.3 

43.8 

66.8 

57.2 

90.1 

77.8 

2 

83.6 

97.3 

80.2 

46,7 

61,3 

39.0 

65.0 

55.5 

89.6 

77.1 

1.0 

83.3 

97.2 

79.9 

46.4 

61.0 

36.6 

64.5 

54.9 

89.3 

76.8 

.5 

82.6 

96.1 

78.8 

45.6 

60.2 

34.1 

63.6 

53.9 

66.6 

76,0 

.25 

45.6 

34.3 

7.6 

18.6 

15.4 

13.1 

7.7 

9.0 

17.4 

.  44.6 

.125 

8.8 

5.7 

1.4 

5.2 

4.0 

3.3 

1.6 

1.1 

2.1 

3.1 

.062 

1 .3 

1.1 

.4 

1.4 

1,1 

.9 

.4 

.1 

.2 

.4 

Table  17.— Particle-size  distribution  of  bedload  sediment, 
north  and  south  channels,  Tanana  River  near  North  Pole 

[PercenU9«.  by  wel9bt.  finer  then  perticle  size  Indicated] 


North  channel 

Particle  _ _ _ _ _ - _ — 


sue 

(mm) 

8-04-77 

8-19-77 

5-31-78 

6-21-78 

7-11-78 

7-18-78 

8-01-78 

8-09-78 

8-15-78 

9-08-78 

10-05-78 

128 

... 

... 

... 

— - 

64 

100.0 

100.0 

100.0 

_ 

100.0 

100.0 

100.0 

— 

100.0 

— 

— 

32 

81.0 

95.5 

95.0 

86.8 

97.8 

83.7 

100.0 

95.9 

100.0 

100.0 

16 

59.0 

76.0 

93.8 

_ 

72.1 

87.4 

60.0 

95.0 

85.2 

76.8 

97.2 

8 

39.5 

40.5 

93,6 

— 

50.7 

83.2 

44.3 

90.1 

82.7 

61.9 

89.7 

4 

33.5 

29.5 

93.5 

41.2 

80.9 

40.9 

87.0 

61.8 

56.5 

86.5 

2 

33.0 

29.0 

93.3 

— 

39.6 

60.1 

39.9 

BS.6 

81.3 

54.5 

82.4 

1.0 

32.5 

28.9 

93.2 

100.0 

39.4 

79.6 

39.2 

84.9 

81.0 

53.4 

80.6 

.5 

32.0 

28.6 

92.3 

99.8 

39.0 

78.1 

37.7 

83.5 

79.7 

52.4 

79.0 

.25 

18.0 

13.0 

47.2 

76.8 

24.2 

47.5 

22.4 

41.9 

39.0 

32.4 

33.4 

.125 

4.0 

1.5 

5.3 

13.4 

4.2 

9.7 

4.6 

8.8 

6.0 

2.1 

.5 

.062 

1.5 

.6 

1.4 

3.4 

1.3 

2.4 

1.3 

2.7 

1.7 

.3 

.1 

South  channel 

Particle 

size 

(m) 

8-04-77 

8-19-77 

5-31-78 

6-21-78 

7-11-78 

7- IB- 78 

8-0N78 

8-09-78 

8-15-78 

9-08-78 

10-05-78 

128 

— 

... 

... 

64 

100.0 

100.0 

— 

— 

100.0 

100.0 

100.0 

100.0 

100.0 

32 

77.5 

82.0 

100.0 

100.0 

91.0 

81.9 

64.9 

78.5 

85.4 

100.0 

16 

53.0 

69.0 

58.2 

89.2 

54.3 

60.8 

44.9 

64.1 

59.1 

86.3 

100.0 

8 

35.5 

59.0 

54.5 

82.2 

40.2 

47.5 

33.1 

47.0 

40.1 

78.4 

97.6 

4 

30,0 

47.8 

51.8 

78.2 

33.2 

41.3 

27.3 

30.0 

33.7 

77.2 

97.6 

2 

29.5 

45.7 

49.8 

74.9 

29.4 

38.8 

24.9 

19.7 

31.3 

76.9 

97.5 

I.O 

29.0 

45.0 

49.0 

72.8 

27.8 

38.2 

23.6 

17.9 

29.7 

76.8 

97.3 

.5 

28.5 

44.0 

48.0 

70.8 

26.6 

37.0 

21.8 

16.6 

28.4 

76.1 

95.9 

.25 

12,5 

22.0 

32.0 

48.0 

16.0 

18.0 

9.0 

8.2 

15.9 

49.0 

51.6 

.125 

.8 

3.0 

3:9 

6.0 

2.9 

3.1 

1.3 

1.6 

3.1 

2.2 

.6 

.062 

.4 

1.3 

1.3 

1.4 

.9 

.9 

.5 

.6 

1.0 

.6 

.1 

North  channel 

Particle  _ 


size 

(mm) 

6-19-79 

7-13-79 

7-23-79 

7-31-79 

8-09-79 

8-30-79 

9-07-79 

9-13-79 

10-03-79 

128 

... 

... 

... 

... 

... 

... 

... 

•  •• 

••• 

64 

100.0 

100.0 

100.0 

100.0 

100.0 

... 

100.0 

... 

•>. 

32 

95.7 

86.0 

87,2 

82.2 

68.7 

100 

89.8 

100.0 

... 

16 

80.2 

65.1 

63,7 

58.4 

40.2 

83.8 

81.9 

79.5 

... 

8 

67.3 

40.5 

39.2 

28.9 

22.8 

66.6 

63.4 

74.0 

... 

4 

60.4 

28.9 

31.5 

16.9 

16.5 

58.5 

51.1 

70.8 

100.0 

2 

59.0 

26.9 

29.6 

13.5 

13.9 

55.2 

48.2 

70.0 

99.9 

1.0 

57,8 

26.6 

29.0 

12.8 

12.8 

53.8 

47.1 

68.9 

99.8 

.5 

56.2 

26.0 

28.1 

12.3 

11.6 

51.7 

45.5 

67.7 

98.8 

.25 

13.1 

6.9 

13.9 

4.2 

3.4 

9.4 

12.6 

20.8 

27.8 

,125 

1,0 

1,3 

3,5 

1,0 

.8 

2.2 

1.5 

1.7 

1.3 

.062 

.2 

.3 

.8 

,3 

.3 

.4 

.3 

.2 

.2 

South  channel 

Particle  _ 

size 


iCSilH 

6-19-79 

7-13-79 

7-23-79 

7-31-79 

e-09-79 

8-30-79 

9-07-79 

9-13-79 

10-03-79 

128 

... 

... 

... 

... 

••• 

— 

— 

... 

64 

... 

100.0 

100.0 

... 

... 

100.0 

... 

... 

... 

32 

... 

93.0 

73,6 

100.0 

100.0 

95.0 

100.0 

100.0 

100.0 

16 

100.0 

64.0 

62.3 

93.2 

79.6 

69.0 

82.7 

99.2 

86.5 

8 

99.0 

36.2 

49.3 

84.0 

71.0 

53.8 

78.3 

84.S 

78.4 

4 

95.1 

21.1 

39.3 

80.6 

65.9 

47.5 

73.2 

72.5 

73.1 

2 

92.3 

16.3 

36.7 

80.1 

64.3 

45. B 

69.2 

69.5 

69.5 

1 

91,7 

15.9 

35.8 

79.9 

63.7 

45.0 

67.4 

68.3 

66.6 

.5 

90.6 

15.7 

34,0 

78.8 

62.4 

43.7 

65.3 

66.1 

60.5 

.25 

27.2 

6.7 

14.6 

26.7 

24.2 

13.0 

23.4 

20.8 

19.9 

,125 

3.5 

1.0 

4.4 

6,2 

5.1 

2.1 

1.3 

1.2 

.7 

.062 

.8 

.3 

1.5 

1.7 

1.5 

.5 

.3 

.2 

.2 

Table  19.— Statistical  data  for  particle-size  distribution  of  bedload  sediment 

Tanana  River  at  Fairbanks 

CParticle  diameter  (mm}  at  ^iven  percent-finer  parameter] 


Percent- 

finer 

parameter 

6-07-7> 

6-29-77 

7-06-77 

7-12-77  7-20-77 

8-03-77 

8-11-77 

8-18-77 

8-31-77 

10-03-77 

"s 

0.17 

0.19 

0.25 

0.16 

0. 18 

0.21 

0.16 

0.14 

0.15 

0.12 

<•16 

.26 

.29 

,32 

.23 

.33 

.31 

.27 

.19 

.21 

.15 

.BO 

7.0 

8.0 

.32 

8.0 

9.4 

2.5 

.27 

.27 

.26 

“so 

9.0 

10 

20 

1.8 

16 

IS 

20 

,44 

.30 

.30 

12 

13 

28 

11 

24 

20 

24 

5.8 

.40 

.32 

V 

20 

20 

32 

22 

45 

34 

33 

14 

17 

.37 

22 

24 

36 

28 

48 

39 

44 

17 

22 

.40 

**95 

24 

31 

58 

37 

56 

45 

59 

23 

27 

.43 

Percent- 

finer 

parameter 

5-18-78 

5-30-78 

6-20-78 

7-10-78 

7-17-78  7-31-; 

78  8-08-78 

8-14-78 

8-25-78 

9-07-78 

10-04-78 

<<5 

o.io 

0.10 

0.11 

0.06 

0.10  0.13 

0.09 

0.14 

0.14 

0.14 

0.14 

.15 

.15 

.16 

.12 

.19  .19 

.16 

.20 

.19 

.19 

.18 

.18 

,18 

.21 

.16 

.26  .24 

.22 

.28 

.26 

.26 

.23 

“so 

.21 

.21 

,25 

.19 

.28  .26 

.26 

.40 

.29 

.29 

.32 

^65 

.23 

.23 

.30 

,22 

.32  .30 

.33 

13 

.33 

.34 

18 

‘^84 

.31 

.33 

5.6 

.31 

I. I  .50 

7.4 

36 

.45 

.50 

43 

*^90 

.43 

7.0 

8.0 

5.5 

12  1.0 

15 

45 

11 

10 

50 

<>95 

7.8 

21 

11 

45 

20  16 

22 

52 

21 

18 

57 

Percent- 

finer 

parameter 

5-23-79 

6-18-79 

7-10-79 

7-24-79 

8-01-79 

8-08-79 

8-29-79 

9-06-79 

9-12-79 

10-02-79 

“s 

0.10 

0.12 

0.21 

0.12 

0.15 

0.17 

0.20 

0.20 

0.17 

0.14 

‘*16 

.16 

.18 

.28 

.23 

.30 

.28 

.30 

.30 

.24 

.21 

.23 

.25 

.31 

.31 

.36 

.70 

.31 

.35 

.28 

.24 

“so 

.26 

.27 

.33 

4.8 

.40 

6.2 

.33 

.39 

.30 

.26 

<>65 

.29 

.30 

,36 

9.4 

6.2 

10.0 

2.2 

8.0 

.33 

.28 

3.0 

.33 

7.9 

16 

17 

17 

14 

15 

.37 

8.6 

So 

9.0 

.35 

18 

21 

20 

19 

18 

19 

4.0 

11 

<*95 

14 

.40 

27 

28 

25 

21 

23 

24 

12 

15 

39 


•  •X 


'  • 

Table  20. 

—Statistical 
north  and 

data  for  particle-size  distribution  of  bedload 
south  channels,  Tanana  River  near  North  Pole 

[Particle  diameter  (mm)  at  given  percent-finer  parameter] 

sediment. 

North  Channel 

Percent- 

finer 

paraneter 

8-04-77 

8-19-77 

S-31-7B 

6-21-78 

7-11-78 

7-18-78 

8-01-78 

8-09-78 

8-15-78  9-08-78 

10-05-78 

“s 

0.13 

O.U 

0.12 

0.08 

0.13 

0.09 

0.13 

0.09 

0.12  0.14 

0.16 

■“le 

.23 

.28 

.17 

.13 

.20 

.15 

.21 

.16 

.17  .18 

.20 

4.8 

6.5 

.23 

.17 

.35 

.21 

.40 

.22 

.24  .27 

.26 

“so 

12 

11 

.26 

,19 

7.7 

.26 

11 

.28 

.29  .42 

.30 

<‘65 

19 

13 

.30 

.22 

13 

.32 

19 

.34 

.34  10 

.36 

■'84 

36 

19 

.37 

.28 

28 

10 

33 

.60 

14  21 

2.5 

<*90 

42 

24 

.42 

.31 

36 

19 

41 

8.0 

23  25 

8.5 

"95 

47 

29 

32 

.36 

45 

26 

SO 

16 

31  28 

14 

South  channel 

Percent- 

finer 

pariMter 

8-04-77 

8-19-77 

5-31-78 

6-21-78 

7-11-78 

7-18-78 

8-01-78 

8-09-78 

8-15-78  9-08-78 

10-05-78 

"5 

0.18 

0.14 

0.13 

0.12 

0.14 

0.13 

0.19 

0.20 

0.15  0.14 

0.14 

"l6 

.28 

.23 

.19 

.17 

.25 

.23 

.35 

.48 

.25  .16 

.16 

"35 

7.5 

.34 

.26 

.23 

5.0 

.33 

9.4 

5.3 

5.3  .21 

.20 

"50 

15 

5.4 

2.3 

.26 

13 

9.5 

20 

9.0 

12  .26 

.24 

. 

"65 

23 

12 

21 

.35 

21 

19 

32 

17 

19  .30 

.28 

‘ 

"84 

38 

35 

28 

11 

28 

34 

50 

40 

31  14 

.35 

"90 

45 

42 

30 

17 

31 

41 

55 

49 

37  20 

.39 

<*95 

48 

47 

31 

25 

38 

50 

60 

56 

45  26 

.46 

North  channel 

Percent- 

finer 

Daraaetcr 

6-19-79 

7-13-79 

-23-79 

7-31-79 

8-09-79 

8-30-79 

9-07-79 

9-13-79 

0-03-79 

1 

"5 

0.18 

0.21 

0.16 

0.26 

0.27 

0.20 

0.19 

0.16 

0.17 

L 

"16 

.27 

.33 

.27 

3.8 

3.8 

.30 

.27 

.24 

.23 

ij 

"35 

.32 

6.4 

6.0 

9,6 

14 

.34 

.34 

.28 

.26 

"50 

.35 

11 

12 

14 

20 

.42 

3.3 

.32 

.27 

"65 

7 

16 

16 

19 

28 

7.4 

8.4 

.38 

.28 

H 

**84 

18 

29 

27 

33 

43 

16 

19 

20 

.29 

■ 

"90 

23 

37 

34 

41 

50 

20 

32 

26 

.30 

1 

**95 

31 

47 

44 

50 

56 

25 

45 

29 

.32 

South  channel 

Percent- 

finer 

paraweUr _ 6-19-79  7-13-79  7-23-79  7-31-79  8-09-79  8-30-79  9-07-79  9-13-79  10-03-79 

dg  0.14  0,22  0.14  O.U  0.12  0.17  0.16  0.16  0.16 

djg  .21  1.0  .26  ,19  .21  .27  .22  .23  .23 

djj  .26  7.8  .80  .28  .30  .33  .28  .29  .31 

dgjj  .28  12  8.4  .33  .33  5.4  .30  .32  .37 

dgj  .29  16  19  .36  3.7  14  .50  .45  ,74 

dg^  .30  23  46  e.O  20  21  IB  7.8  14 


d^g  .48  28  53  13  27  26  24  9.4  20 


Table  21. --Statistical  data  for  particle-size  distribution  of  bedload  sediment, 
composite  channels,  Tanana  River  near  North  Pole 

[Particle  dlaneter  (na)  at  given  percent-finer  paraneter] 


Percent- 

finer 

Daraneter 

8-04-77 

8-19-77 

5-31-78 

6-21-78 

7-11-78 

7-18-78 

8-01-78 

8-09-78 

8-15-78 

9-08-78 

"5 

0.14 

0.16 

0.12 

0.09 

0.13 

0.12 

0.14 

0.13 

0.12 

0.14 

<>16 

.25 

.25 

.17 

.15 

.20 

.17 

.23 

.20 

.18 

.18 

<*35 

6.0 

4.8 

.23 

.20 

.44 

.25 

1.5 

.30 

.26 

.25 

<•50 

13 

9.6 

.26 

.22 

8.4 

.34 

13 

1.6 

.33 

.35 

■‘65 

21 

13 

.32 

.26 

IS 

6.6 

22 

7.4 

.50 

8.0 

<’84 

37 

21 

.49 

.49 

28 

24 

37 

26 

22 

18 

■’90 

43 

28 

22 

7.6 

35 

31 

45 

34 

27 

22 

■*95 

47 

36 

31 

21 

44 

40 

54 

44 

31 

26 

Percent- 

finer 

parameter 

10-05-78 

6-18-79 

7-13-79 

7-23-79 

7-31-79 

8-09-79 

8-30-79 

9-07-79 

9-13-79 

10-03-79 

■•5 

0.15 

0.17 

0.22 

0.15 

O.IB 

0.22 

0.19 

0.17 

0.16 

0.16 

.18 

.25 

.33 

.27 

.29 

.32 

.29 

.26 

.23 

.23 

■■35 

.24 

.32 

6.8 

4.4 

4.0 

10 

.36 

.33 

.29 

.26 

■■so 

.27 

.33 

11 

n 

10 

J7 

.58 

.41 

.32 

.27 

<’65 

.31 

1.0 

16 

17 

IS 

25 

9.0 

7.4 

.37 

.28 

<’84 

.45 

15 

27 

32 

28 

43 

19 

18 

13 

.30 

^90 

3.9 

21 

34 

39 

38 

49 

23 

26 

19 

.36 

<’95 

11 

28 

44 

49 

48 

56 

26 

39 

24 

6.0 

41 


Table  22.— Composite  size  distribution  (transport-rate  weighted)  of  bedload  sediment,  Tanana  River 

(In  percent  by  weieht) 


PERCENTAGE,  BY  WEIGHT.  FINER  THAN  INDICATED  SIZE  PERCENTAGE,  BY  WEIGHT.  FINER  THAN  INDICATED  SIZE 


Figure  17.~Particle-size  distribution  of  bedload;  comparison  of  1977, 1978,  and  1979  for 
Tanana  River  at  Fairbanks,  and  near  North  Pole. 
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100 


Figure  IS.-Particle-size  distribution  of  bedload;  comparison  of  Fairbanks 
and  North  Pole,  by  year. 

44 


uniform  increments  of  time  over  the  runoff  period.  Thus,  samples  collected  at 
higher  transport  rates  carry  more  "weight"  because  their  actual  weights  are 
greater.  It  must  be  noted  that  the  composite  size  distribution  for  North  Pole 
in  1977  was  based  on  only  two  bedload  samples. 

At  Fairbanks  in  1977,  about  65  percent  of  the  bedload  was  gravel,  while  in 
1978,  only  23  percent  was  gravel.  In  1979  median  particle  size  of  bedload  at 
Fairbanks  increased,  and  gravel  constituted  about  36  percent  of  total  bedload. 

Near  North  Pole,  decrease  in  median  particle  size  was  modest;  in  1977,  about 
68  percent  of  the  bedload  was  gravel,  while  in  1978,  about  45  percent  was 
gravel.  In  1979,  median  particle  size  increased  from  the  medium  sand  range  to 
the  gravel  range,  and  gravel  constituted  about  63  percent  of  total  bedload. 
The  increase  in  coarseness  of. bedload  in  1979  was  somewhat  greater  at  the 
North  Pole  station  than  at  the  Fairbanks  station. 

Figure  18  is  a  comparison  of  size  distribution  of  bedload  at  North  Pole  and 
Fairbanks  by  year.  Assuming  that  the  1977  North  Pole  distribution  is  fairly 
representative  of  the  bedload  in  transport  for  that  year,  it  is  apparent  that, 
over  the  entire  size  range,  the  difference  in  particle  size  from  North  Pole  to 
Fairbanks  is  greater  in  successive  years. 

Annual  Sediment  Loads 


Daily  mean  discharges  from  tables  2-4  can  be  arranged  in  order  of  magnitude  to 
indicate  the  number  of  days  during  which  each  discharge  is  equalled  or 
exceeded.  The  number  of  days  can  then  be  multiplied  by  the  corresponding 
sediment-transport  rate  to  provide  estimates  of  amounts  of  sediment  transport¬ 
ed  by  each  discharge  class.  These  Incremental  amounts  can  then  be  accumulated 
through  the  yearly  range  of  discharges  to  provide  an  estimate  of  the  annual 
sediment  load.  Computations  for  sediment  loads  are  provided  in  tables  23-25 
for  the  location  at  Fairbanks,  for  water  years  1977,  1978,  and  1979  respec¬ 
tively.  Tables  27  and  28  contain  the  same  computations  for  North  Pole  in  1978 
and  1979.  (Transport  functions  were  not  defined  for  1977.) 


The  cumulative  sediment  loads  are  plotted  as  functions  of  percentage  of  time 
in  figures  19  and  20.  These  computations  are  based  on  the  water-discharge 
data  for  each  year  as  defined  at  the  Fairbanks  gaging  station  and  the 
suspended-sediment-  and  bedload-sediment-transport  rates  for  each  year  and 
each  site  as  previously  presented.  Total  annual  loads,  in  metric  tons,  are 
summarized  below. 


FAIRBANKS 


NORTH  POLE 


Suspended  Bed load 


Suspended  Bedload 


1977  26,800,000  326,000 

1978  21,200,000  254,000 

1979  27,500,000  440,000 


20,900,000  274,000 

26,700,000  369,000 


The  same  type  of  computations  can  be  made  on  an  average  year  basis  by  using 
the  flow-duration  data  from  the  entire  station  record.  Six  complete  water 


Table  23.— Sediment  transport  in  the  Tanana  River  at  Fairbanks,  water  year  1977 

(Mg  °  metric  tons  or  megagrams) 

SEDIMENT- TRANSPORT  RATE  SEDIMENT  LOADS 
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Table  25.— Sediment  transport  in  the  Tanana  River  at  Fairbanks,  water  year  1979 

(Mg  =  metric  tons  or  megagrams) 


Table  26.— Average  annual  sediment  transport  in  the  Tanana  River  at  Fairbanks  water  years  1974-79 

(Mg  =  metric  tons  or  megagrams) 
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Table  27.— Sediment  transport  in  the  Tanana  River  near  North  Pole,  water  year  1978 

(Mg  =  metric  tons  or  megagrams) 
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Figure  19 ."Cumulative  aediment  loads,  Tanana  River  at  Fairbanks,  as  a  function 
of  percentage  of  time,  1977, 1978, 1979,  and  for  an  average  year  (1974*1979), 
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Figure  20.--Cumulative  sediment  loads,  Tanana  River  near  North  Pole  as, a  function 
of  percentage  of  time,  1978, 1979,  and  for  an  average  year  (1974-1979). 


years  of  data  (1974-1979)  exist  for  the  Tanana  River  at  Fairbanks.  These  are 
the  basis  for  the  flow-duration  data  and  subsequent  computations  of  average 
annual  sediment  loads  listed  in  tables  26  and  29  and  graphed  in  figures  19  and 
20.  Based  on  these  6  years  of  record,  average  annual  suspended-sediment  load 
of  the  Tanana  River  at  Fairbanks  is  about  24  million  metric  tons  and  near 
North  Pole,  20.7  million  metric  tons. 

Bedload  averages  321,000  metric  tons  at  Fairbanks  and  297,000  metric  tons  near 
North  Pole.  These  values  were  determined  using  the  transport  functions 
defined  by  all  the  sediment  data  (1977-79)  for  each  location. 

For  the  6  complete  years  of  record,  annual  mean  discharge  of  the  Tanana  River 
ranged  from  475  m^/s  to  613  m^/s  and  averaged  540  m^/s.  In  1977,  1978  and  1979 
the  annual  mean  discharge  of  the  Tanana  River  at  Fairbanks  was  537  m^/s,  506 
m3/s,  and  610  m^/s  respectively.  The  above  values  of  annual  water  discharge 
and  sediment  load  suggest  that  annual  suspended-sediment  loads  in  the  Tanana 
River  are  on  the  order  of  18  -  30  million  metric  tons.  Assuming,  for 
simplicity,  a  unit  weight  of  suspended  sediment  of  1,000  kg/m^  (Guy,  1970), 
about  18-30  million  m^  of  suspended  sediment  are  transported  annually. 
Annual  total  bedload  would  be  250,000  -  450,000  metric  tons.  If  we  take  the 
unit  weight  of  bedload  to  be  1,600  kg/m^  (Guy,  1970),  then  155,000  -  280,000 
m3  of  bedload  are  transported  annually. 

Annual  bedloads  shown  are  between  1  and  1.5  percent  of  the  suspended-sediment 
load.  The  average  bedload-transport  rate  expressed  as  a  percentage  of  average 
suspended-sediment-transport  rate  ranges  from  less  than  1  percent  at  highest 
flows  to  about  10  percent  at  low  flows  (column  8  in  tables  23-29).  No  percent¬ 
age  is  shown  for  flows  less  than  200  m^/s;  the  bedload-transport  functions  are 
extrapolated  to  define  the  transport  rates  at  much  lower  flows  than  at  which 
bedload  data  have  been  collected.  High  ratios  of  bedload-  to  suspended- 
sediment-transport  rate  at  very  low  flows,  as  indicated  by  the  transport 
functions,  may  not  actually  occur.  This  does  not  greatly  affect  the  annual 
load  computations,  because  most  of  the  transport  occurs  at  higher  flows. 

Eighty  percent  of  the  bedload  is  transported  during  about  30  percent  of  the 
year  at  flows  exceeding  600  m^/s.  More  than  half  of  the  suspended-sediment 
load  is  transported  in  about  10  percent  of  the  year  at  flows  greater  than 
1,300  m3/s. 

The  differences  in  the  computed  annual  loads  between  Fairbanks  and  North  Pole 
are  entirely  due  to  the  differences  in  the  transport  functions  defined  ror 
each  location,  as  the  water  discharge  data  are  the  same.  There  were  300,000 
and  800,000  more  metric  tons  of  suspended  sediment  transported  past  Fairbanks 
in  1978  and  1979  respectively  than  near  North  Pole.  There  were  20,000  metric 
tons  more  bedload  transported  past  North  Pole  than  Fairbanks  in  1978,  but 
71,000  metric  tons  less  in  1979.  For  the  suspended-sediment  and  total  loads 
these  are  relatively  small  differences  considering  the  overall  amounts  of 
material  transported.  However,  for  the  average  year  defined  by  the  1977-79 
data  for  each  site,  3.3  million  metric  tons  more  sediment  pass  Fairbanks  than 
North  Pole. 
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In  1977,  58,000,  in  1978,  52,000,  and  in  1979,  43,000  of  bed  material  were 
quarried  from  the  Tanana  River  between  North  Pole  and  Fairbanks.  This  amounts 
to  about  93,000,  83,000,  and  69,000  metric  tons  respectively.  In  addition  to 
the  mining  of  gravel  between  the  two  locations,  during  the  winter  of  1978-79 
the  Corps  of  Engineers  constructed  an  L-shaped  dike  in  the  river  1  km  upstream 
of  the  North  Pole  sampling  site.  This  involved  the  removal  of  46,000  m^  of 
material  for  building  the  dike.  The  channel  was  also  disturbed  by  the  con¬ 
struction  of  a  temporary  in-river  diversion  composed  of  waste  material.  This 
diversion  structure  was  partly  eroded  during  the  1979  runoff  season.  The 
effects  of  these  activities  on  transport  rates  and  particle  size  of  transport¬ 
ed  sediment  can  be  only  speculated.  However,  overall  quantities  of  material 
quarried  from  the  river  bed  were  less  than  1  percent  of  the  sediment  trans¬ 
ported  by  the  river. 
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